Theophylline has been used for over 60 years to treat bronchial asthma. However, theophylline inhibits phosphodiesterase (PDE) non-selectively and functions as an adenosine antagonist, and shows adverse effects on the cardiovascular and central nervous systems.
Effects of 1-Benzylxanthines on Cyclic AMP Phosphodiesterase 4 Isoenzyme

BIOLOGICAL RESULTS AND DISCUSSION
The inhibitory activities of the 1-benzylxanthines (1, 2) against PDE1 and 4 isoenzymes from guinea pig brain and PDE3 from guinea pig heart were determined according to published methods. 16) The results are shown in Table 1 together with the PDE inhibitory activities of the non-selective PDE inhibitor, IBMX, the PDE3 inhibitor, amrinone, and the PDE4 inhibitors, rolipram and XT-611. The results regarding PDE1, 3, and 4 isoenzymes were as follows. 1) The PDE1 inhibitory activities of methylbenzyl-(1d-f, 2d-f), and chlorobenzyl-xanthines (1a-c, 2a-c) as a whole were weak, as compared with PDE4. All xanthines (1a-f, 2a-f) showed no or very weak inhibitory activity against the PDE3 isoenzyme.
2) The characteristics of the inhibitory activities of the chlorobenzyl-(a-c) or methylbenzyl-derivatives (d-f) of both N7-H xanthine (1) and 7-acetonylxanthine (2) against the PDE1, 3 and 4 isoenzymes were similar. 3) Despite having methyl-or chloro-groups, the 2-substituted benzylxanthines (1a, d, 2a, d) showed more selective inhibitory effects against the PDE4 isoenzyme than the 3-substituted-(1b, e, 2b, e) or the 4-substituted benzylxanthines (1c, f, 2c, f). The 2-chlorobenzylxanthines (1a, 2a) in paticular inhibited PDE4 activity more selectively than 2-methylbenzylxanthines (1d, 2d). 4) The 4-substituted benzylxanthines (1c, f, 2c, f) inhibited PDE4 activity more strongly than the 2-substituted-(1a, d, 2a, d) or the 3-substituted-benzylxanthines (1b, e, 2b, e). Although the position of the chloro-group of the benzylxanthines (1a-c, 2a-c) for PDE4 inhibitory activity was in the order 4Ͼ3Ͼ2, the position of the methyl-group of the benzylxanthines (1d-f, 2d-f) was in the order 4Ͼ2Ͼ3. The above results (3 and 4) showed that substituents of benzylxanthines influenced both the selectivity and activity against PDE4 isoenzyme, that is, the substituent group at 2-position may be correlated to selectivity for PDE4 isoenzyme and those at 4-position may be strongly correlated to PDE4 inhibitory activity. Thus, in calling attention to the chlorogroup of 1-benzylxanthine, 2,4-dichlorobenzylxanthine (2h) was designed to obtain a PDE4 inhibitor with high selectivity and activity. 2h, prepared using a similar method, exhibited more selective and potent PDE4 inhibitory activities than the known PDE inhibitors, rolipram and XT-611.
In conclusion, introduction of a benzyl group at the N1 position of the N7-H xanthine (1) and 7-acetonylxanthine (2) resulted in a potent and selective PDE4 inhibitor, 3,7-dihydro-7-acetonyl-1-(2,4-dichlorobenzyl)-3-propyl-1H-purine-2,4-dione (2h), which showed the most potent PDE4 inhibitory activity among xanthine derivatives known to be PDE4 inhibitor. In the report of the crystal structure of PDE4D2 in complex with IBMX by Qing et al., IBMX binds to a subpocket, which is a common site for binding non-selective inhibitors of PDEs. 17) Although IBMX has a methyl group at the 1-position of the xanthine skeleton, both denbufylline and XT-44, which are known the selective PDE4 inhibitors, have a butyl group at the same position. It may therefore be assumed that selective xanthines including 2h against PDE4 have a bulky substituent at the N1 position and cannot bind to the subpocket reported by Qing et al.
MATERIALS AND METHODS
Melting points were measured on a Yanagimoto micro melting point hot-stage apparatus and were uncorrected. Infrared spectra (IR) were determined with a Horiba FT-720 or Hitachi 270-30 spectrometer. Mass spectra (MS) were measured with a JEOL-DX300. Nuclear magnetic resonance spectrometry ( 1 H-NMR) was performed with a JEOL EX 90A. Chemical shifts are quoted in parts per million (ppm) with tetramethyl silane as an internal standard. Microanalyses were performed in the Micro Analytical Laboratory of our institute.
3,7-Dihydro-1-benzyl-7-(4-methoxybenzyl)-3-propyl-1H-purine-2,4-dione (4) General Procedure: A mixture of 7-(4-methoxybenzyl)-3-propylxanthine (3, 1.0 g, 3.2 mmol), benzyl chloride (3.2 mmol), and anhydrous K 2 CO 3 (0.47 g, 3.4 mmol) in DMF (5.0 ml) was heated at 60°C for 2 h. The reaction mixture was poured into ice-water and neutralized with 2 N HCl. The mixture was extracted with CH 2 Cl 2 . The extract was dried and evaporated. The residue was purified by alumina column chromatography using benzene-CH 2 Cl 2 (1 : 1) as the eluent and recrystallized from CH 2 Cl 2 -isopropyl ether to give 4. 3,7-Dihydro-1-benzyl-3-propyl-1H-purine-2,4-dione (1) General Procedure: A mixture of 4 (2.0 mmol), conc. H 2 SO 4 (1 drop), and anisole (324 mg, 3.0 mmol) in trifluoroacetic acid (4 ml) was refluxed for 9 h and then evaporated. The oily residue was diluted with water and adjusted to pH 6 by addition of 20% NaOH with stirring. The resultant precipitate was filtered, washed with water, and then isopropyl ether, dried, and recrystallized from benzene to afford 1.
3,7-Dihydro-1-(2-chlorobenzyl)-3-propyl-1H-purine-2,4-dione (1a): Yield 67%. mp 230-231°C. 3,7-Dihydro-7-acetonyl-1-benzyl-3-propyl-1H-purine-2,4-dione (2) General Procedure: A mixture of 6 (0.5 g, 2.0 mmol), benzyl chloride (2.2 mmol), and anhydrous K 2 CO 3 (0.3 g, 2.2 mmol) in DMF (5.0 ml) was heated at 60°C for 2 h. The reaction mixture was poured into ice-water and neutralized with 2 N HCl. The mixture was extracted with CH 2 Cl 2 . The extract was dried and evaporated. The resulting solid was recrystallized from CH 2 Cl 2 -diisopropyl ether to afford 2.
3,7-Dihydro-7-acetonyl-1-(2-chlorobenzyl)-3-propyl-1H-purine-2,4-dione (2a): Yield 92%. mp 191-192°C. 
